MEDICAL DEVICES INCLUDING AERATED ADHESIVE BONDS 
AND METHODS OF FORMING THE SAME 

Technical Field 

The invention relates generally to medical devices and more specifically to 
medical devices formed by bonding together medical device components. In particular, 
the invention relates to medical devices formed by bonding together medical device 
components using aerated adhesives. 

Background 

A variety of medical devices include multiple components that are secured 
together. In particular, some medical devices such as catheters include multiple 
components such as an elongate shaft and a hub that is secured to the elongate shaft. 
Some catheters include luer fittings or other fluid-competent connectors that are secured 
to the elongate shaft. In some catheters, multiple segments can be joined together to form 
the elongate shaft. In some catheters, a strain relief is positioned intermediate the hub 
and the elongate shaft and is secured to both elements. 

Medical device components can be secured together using a variety of techniques, 
including mechanical connections and chemical joining techniques such as adhesives 
and, in particular, light-cured adhesives. However, light-cured adhesives can exhibit 
shrinkage upon curing. As the adhesive reduces in volume while curing, stresses can 
build within the adhesive layer. These stresses can, in some instances, result in 
delamination between the adhesive layer and each of the components in contact with the 
adhesive layer. 

One solution to this issue is to limit the maximum thickness of the adhesive layer 
by limiting the gap between the surfaces to be adhesively secured. While this technique 



can reduce issues with delamination and other adhesive failures, it can place additional 
demands on the tolerances to which each of the components must be manufactured. 

A need remains, therefore, for an improved method of securing medical device 
components together. A need remains for improved adhesive techniques in forming 
5 medical devices. 

Summary 

The invention is directed to medical devices that are formed from medical device 
components that are bonded together with an adhesive that resists stresses caused by 
adhesive curing. 

10 Accordingly, an example embodiment of the invention can be found in a medical 

device that includes a first component and a second component. The first component has 
an outer surface that includes an outer engagement portion and the second component has 
an inner surface that includes an inner engagement portion. The inner engagement 
portion is configured to fit over the outer engagement portion. An aerated adhesive layer 

15 is positioned between the inner engagement portion and the outer engagement portion. 

Another example embodiment of the invention can be found in a method of 
forming a medical device that has a first component with an outer surface and a second 
component with an inner surface. An aerated adhesive layer is disposed over at least a 
portion of the outer surface of the first component. The second component is disposed 

20 over the first component such that at least a portion of the inner surface contacts the 
aerated adhesive layer, and the aerated adhesive layer is cured. 

Another example embodiment of the invention can be found in a method of 
forming a medical device that has a first component with an outer surface and a second 
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component with an inner surface. The second component is disposed over the first 
component such that at least a portion of the inner surface thereof is proximate at least a 
portion of the outer surface of the first component. An aerated adhesive is injected 
between the outer surface of the first component and the inner surface of the second 
5 component to form an aerated adhesive layer, and the aerated adhesive layer is 
subsequently cured. 

Brief Description of the Drawings 
The invention may be more completely understood in consideration of the 
following detailed description of various embodiments of the invention in connection 
10 with the accompanying drawings, in which: 

Figure 1 is a plan view of an intravascular catheter in accordance with an 
embodiment of the invention; 

Figure 2 is a cross-sectional view of the intravascular catheter of Figure 1, taken 
along the 2-2 line; 

15 Figure 3 is a partially-sectioned view of a medical device in accordance with an 

embodiment of the invention; 

Figure 4 is a cross-sectional view of the medical device of Figure 3, taken along 
the 4-4 line; 

Figure 5 is a cross-sectional view of the medical device of Figure 4, taken along 
20 the 5-5 line; 

Figure 6 is a partially-sectioned view of a medical device in accordance with an 
embodiment of the invention; 

Figure 7 is a partially-sectioned view of a medical device in accordance with an 
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embodiment of the invention; and 

Figure 8 is a partially-sectioned view of a medical device in accordance with an 
embodiment of the invention. 

Detailed Description 

5 For the following defined terms, these definitions shall be applied, unless a 

different definition is given in the claims or elsewhere in this specification. 

All numeric values are herein assumed to be modified by the term "about", 
whether or not explicitly indicated. The term "about" generally refers to a range of 
numbers that one of skill in the art would consider equivalent to the recited value (i.e., 
10 having the same function or result). In many instances, the terms "about" may include 
numbers that are rounded to the nearest significant figure. 

The recitation of numerical ranges by endpoints includes all numbers within that 
range (e.g., 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5). 

As used in this specification and the appended claims, the singular forms "a", 
15 "an", and "the" include plural referents unless the content clearly dictates otherwise. As 
used in this specification and the appended claims, the term "or" is generally employed in 
its sense including "and/or" unless the content clearly dictates otherwise. 

The following description should be read with reference to the drawings wherein 
like reference numerals indicate like elements throughout the several views. The 
20 drawings, which are not necessarily to scale, depict illustrative embodiments of the 
claimed invention. 

Figure 1 is a plan view of a catheter 10 that can be assembled in accordance with 
an embodiment of the invention. The catheter 10 can be one of a variety of different 
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catheters, but is preferably an intravascular catheter. Examples of intravascular catheters 
include balloon catheters, atherectomy catheters, drug delivery catheters, diagnostic 
catheters and guide catheters. Except as described herein, the intravascular catheter 10 
can be manufactured using conventional techniques and materials. 
5 The intravascular catheter 10 can be sized in accordance with its intended use. 

The catheter 10 can have a length that is in the range of about 50 centimeters to about 140 
centimeters and can have a diameter that is in the range of about 3F (French) to about 9F. 

In the illustrated embodiment, the intravascular catheter 10 includes an elongate 
shaft 12 that has a proximal region 14, a distal region 16 and a distal end 18. A hub and 

10 strain relief assembly 20 can be connected to the proximal region 14 of the elongate shaft 
12. The hub and strain relief assembly 20 includes a main body portion 22, a pair of 
flanges 24 designed to improve gripping, and a strain relief 26 that is intended to reduce 
kinking. The hub and strain relief assembly 20 can be of conventional design and can be 
attached using conventional techniques. 

15 Figure 2 is a cross-sectional view of the elongate shaft 12, taken along line 2-2 of 

Figure 1 . The elongate shaft 12 includes an outer layer 28 and an inner layer 30. Each of 
the outer layer 28 and the inner layer 30 can extend from the proximal region 14 of the 
elongate shaft 12 to the distal region 16 of the elongate shaft 12. The inner layer 30 
defines a lumen 32 that extends through the elongate shaft 12. 

20 In some embodiments, as illustrated, the elongate shaft 12 can include a 

reinforcing braid or ribbon layer 34 to increase particular properties such as kink 
resistance. A reinforcing braid or ribbon layer 34 can be positioned between the outer 
layer 28 and the inner layer 30. The reinforcing braid or ribbon layer can be provided in 
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a configuration that provides adequate kink resistance without substantially increasing the 
overall profile of the elongate shaft 12. 

In some embodiments (not specifically illustrated), the elongate shaft 12 can 
include one or more shaft segments having varying degrees of flexibility. For example, 
5 the elongate shaft 12 can include a proximal segment, an intermediate segment and a 
distal segment. In some embodiments, the elongate shaft 12 can also include a distal tip 
segment that can be formed from a softer, more flexible polymer. The elongate shaft 12 
can include more than three segments, or the elongate shaft 12 can include fewer than 
three segments. 

10 If the elongate shaft 12 has, for example, three segments such as a proximal 

segment, an intermediate segment and a distal segment, each segment can include an 
inner layer 30 that is the same for each segment and an outer layer that becomes 
increasingly more flexible with proximity to the distal end 18 of the elongate shaft 12. 
For example, the proximal segment can have an outer layer that is formed from a polymer 

15 having a hardness of 72D (Durometer), the intermediate segment can have an outer layer 
that is formed from a polymer having a hardness of 68D and the distal segment can be 
formed from a polymer having a hardness of 46D. 

If the elongate shaft 12 has three segments, each of the segments can be sized in 
accordance with the intended function of the resulting catheter 10. For example, the 

20 proximal segment can have a length of about 35 inches, the intermediate segment can 
have a length that is in the range of about 2 inches to about 3 inches, and the distal 
segment can have a length that is in the range of about 1 inch to about 1.25 inches. 

The inner layer 30 can be a uniform material and can define a lumen 32 that can 
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run the entire length of the elongate shaft 12 and that is in fluid communication with a 
lumen (not illustrated) extending through the hub assembly 20. The lumen 32 defined by 
the inner layer 30 can provide passage to a variety of different medical devices, and thus 
the inner layer 30 can include, be formed from or coated with a lubricious material to 
5 reduce friction within the lumen 32. An exemplary material is polytetrafluoroethylene 
(PTFE), better known as TEFLON®. The inner layer 30 can be dimensioned to define a 
lumen 32 having an appropriate inner diameter to accommodate its intended use. In 
some embodiments, the inner layer 30 can define a lumen 32 having a diameter of about 
0.058 inches and the inner layer 30 can have a wall thickness of about 0.001 inches. 

10 The outer layer 28 can be formed from any suitable polymer that will provide the 

desired strength, flexibility or other desired characteristics. Polymers with low durometer 
or hardness can provide increased flexibility, while polymers with high durometer or 
hardness can provide increased stiffness. In some embodiments, the polymer material 
used is a thermoplastic polymer material. Some examples of some suitable materials 

15 include polyurethane, elastomeric polyamides, block polyamide/ethers (such as 
PEBAX®), silicones, and co-polymers. The outer layer 28 can be a single polymer, 
multiple layers, or a blend of polymers. By employing careful selection of materials and 
processing techniques, thermoplastic, solvent soluble, and thermosetting variants of these 
materials can be employed to achieve the desired results. 

20 In particular embodiments, a thermoplastic polymer such as a co-polyester 

thermoplastic elastomer such as that available commercially under the ARNITEL® name 
can be used. The outer layer 28 can have an inner diameter that is about equal to the 
outer diameter of the inner layer 30. 
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In some embodiments, the outer layer 28 can have an inner diameter in the range 
of about 0.060 inches to about 0.070 inches and an outer diameter in the range of about 
0.064 inches to about 0.078 inches. Part or all of the outer layer 28 can include materials 
added to increase the radiopacity of the outer layer 28, such as 50% bismuth 
subcarbonate. 

Figures 3 through 8 illustrate medical devices formed by adhesively securing two 
components together using an aerated adhesive in accordance with embodiments of the 
present invention. The first and second components can generically represent any two 
medical device components that can be adhesively secured together. In some 
embodiments, the first and second components can individually represent, respectively, 
an elongate shaft 12 and a hub assembly 20 (see Figure 1). In some embodiments, the 
first and second components can represent an elongate shaft 12 and a strain relief 26 (see 
Figure 1). In some embodiments, the first and second components can represent a strain 
relief 26 and a hub assembly 20 (see Figure 1). 

In particular, Figures 3 through 5 illustrate an assembly 36 that includes a first 
component 38 and a second component 40. The first component 38 has an outer surface 
42 that in part defines an outer engagement portion 44. Similarly, the second component 
40 has an inner surface 46 that in part defines an inner engagement portion 48. The first 
component 38 defines a lumen 50. Figure 4 is a cross-sectional view through the 
assembly 36 proximate the outer and inner engagement portions 44 and 48. 

Each of the first component 38 and the second component 40 can be formed of 
any suitable material such as a polymeric material and can be formed to any suitable 
dimension, as discussed above with respect to Figures 1 and 2. As illustrated, each of the 
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first component 38 and the second component 40 are cylindrical in shape, but in other 
embodiments, additional structures and shapes are contemplated. 

In some embodiments, the first component 38 can have an overall length that is in 
the range of about 50 cm to about 140 cm, an inner diameter that is in the range of about 
5 2F to about 8F and an outer diameter that is in the range of about 3F to about 9F. In 
some embodiments, the second component 40 can have an overall length that is in the 
range of about 1 inch to about 3 inches, an inner diameter that is in the range of about 3F 
to about 10F and an outer diameter that is in the range of about 4F to about 1 IF. 

In the illustrated embodiment, the outer engagement portion 44 of the first 
10 component 38 has an outer diameter that is at least substantially the same as an outer 
diameter of the first component 38 beyond the outer engagement portion 44. The outer 
engagement portion 44 can have a length that is in the range of about 0.020 inch to about 
0.500 inch. Similarly, the inner engagement portion 48 of the second component 40 has 
an inner diameter that is at least substantially the same as an inner diameter of the second 
15 component 40 beyond the inner engagement portion 48. The inner engagement portion 
48 can have a length that is in the range of about 0.020 inch to about 0.500 inch. 

In other embodiments, as will be discussed in greater detail hereinafter, the outer 
engagement portion 44 can have a decreased outer diameter. In other embodiments, the 
second component 40 can be configured to fit within the first component 40, and in this 
20 instance, the outer engagement portion 44 can have an increased diameter. 

An aerated adhesive layer 52 is positioned between the outer engagement portion 
44 and the inner engagement portion 48. The distance between the outer engagement 
portion 44 and the inner engagement portion 48 can vary, depending on the tolerances to 
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which each of the first component 38 and the second component 40 are manufactured. In 
some embodiments, the distance between the outer engagement portion 44 and the inner 
engagement portion 48 can vary from about 0.001 inch to about 0.010 inch. 

Therefore, in some embodiments, the aerated adhesive layer 52 can vary in 
thickness from about 0.001 inch to about 0.010 inch, and can have an average thickness 
that is in the range of about 0.002 inch to about 0.008 inch. In some embodiments, the 
assembly 36 can be formed by disposing an aerated adhesive over the outer engagement 
portion 44 of the first component 38, followed by disposing the inner engagement portion 
48 of the second component 40 over the outer engagement portion 44. 

In other embodiments, the assembly 36 can be formed by disposing the second 
component 40 over the first component 38 such that the inner engagement portion 48 
overlies the outer engagement portion 44. An aerated adhesive can subsequently be 
injected into a void between the outer and inner engagement portions 44 and 48. The 
aerated adhesive can subsequently be cured to form the aerated adhesive layer 52. 

In some embodiments, it can be advantageous to put together the assembly 36 
under an inert atmosphere. Any suitable inert gas can be used, either at atmospheric 
pressure or at above-atmospheric pressure, but argon and nitrogen are preferred. In 
particular embodiments, the assembly 36 can be formed under a nitrogen gas atmosphere 
at a pressure that is in the range of about 2 psig to about 15 psig. 

Figure 5 is an axial cross-section taken through Figure 4, better illustrating the 
aerated adhesive layer 52. The aerated adhesive layer 52 can include any suitable 
adhesive material. In particular, the aerated adhesive layer 52 can be formed from any 
suitable light-curable adhesive. Suitable examples include acrylic, epoxy, acrylic/epoxy, 
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and acrylic/urethane based adhesives. 

The aerated adhesive layer 52 includes a plurality of voids 54 that can be formed 
in a variety of ways. In some embodiments, the voids 54 can be formed by metering an 
inert gas into the adhesive stream while applying the adhesive to the surfaces to be 
joined. 

Other methods of forming the voids 54 include metering the adhesive and inert 
gas through a mixing tube. 

In some embodiments, the voids 54 can include an inert gas at ambient or above- 
ambient pressure. In particular embodiments, the voids 54 contain nitrogen gas at a 
pressure that is in the range of about 2 psig to about 15 psig. 

The voids 54 can provide distensible regions within the aerated adhesive layer 52 
that can distend or deform in response to stresses caused by the adhesive shrinking while 
curing. The voids 54 can vary in size, but in some embodiments the voids 54 can have an 
average diameter of about 0.001 inch. In some embodiments, the aerated adhesive layer 
52 can include an amount of voids 54 that is in the range of about 25 to about 50 volume 
percent. The aerated adhesive layer 52 can have a density that is reduced by about 25 to 
about 50 percent with respect to a density of the adhesive itself without any aeration. 

In some embodiments, it maybe useful for a completed assembly to have a 
constant outer diameter. Figure 6 shows an assembly 55 having a constant outer 
diameter. The assembly 55 includes a first component 56 and a second component 58 
that can be formed of any suitable material and to any suitable dimension, as discussed 
previously with respect to Figure 3. The first component 56 has an outer surface 60 that 
in part defines an outer engagement portion 62. The second component 58 has an inner 
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surface 64 that in part defines an inner engagement portion 66. An aerated adhesive layer 
68 is disposed between the outer engagement portion 62 and the inner engagement 
portion 66. 

As illustrated, the outer engagement portion 62 of the first component 56 has an 
outer diameter that is reduced with respect to an outer diameter of the first component 
beyond the outer engagement portion 62. In some embodiments, the outer engagement 
portion 62 can have an outer diameter that is reduced an amount substantially equal to the 
thickness of the inner engagement portion 66 of the second component 58 plus the 
thickness of the aerated adhesive layer 68. In some embodiments, the outer engagement 
portion 62 can have an outer diameter that is reduced about 35 to about 65 percent. 

While not illustrated, in some embodiments, the outer engagement portion 62 can 
have an outer diameter that is reduced somewhat with respect to an outer diameter of the 
first component 56 beyond the outer engagement portion 62, and the inner engagement 
portion 66 can have an inner diameter that is increased somewhat with respect to an inner 
diameter of the second component 58 beyond the outer engagement portion 66. 

In other embodiments, it may be useful for a completed assembly to have a lumen 
having at least a substantially constant diameter. Figure 7 illustrates an assembly 70 that 
includes a first component 72 and a second component 74 that can be formed of any 
suitable material and to any suitable dimension, as discussed previously with respect to 
Figure 3. The first component 72 has an outer surface 76 that in part defines an outer 
engagement portion 78. The second component 74 has an inner surface 80 that in part 
defines an inner engagement portion 82. An aerated adhesive layer 84 is disposed 
between the outer engagement portion 78 and the inner engagement portion 82. 
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The inner engagement portion 82 can have an inner diameter that is increased 
with respect to an inner diameter of the second component 74 beyond the inner 
engagement portion 82. In some embodiments, the inner engagement portion 82 can 
have an inner diameter that is sufficiently increased to accommodate a wall thickness of 
the outer engagement portion 78 and a thickness of the aerated adhesive layer 84. As a 
result, a lumen 86 extending through the assembly 70 can have at least a substantially 
constant diameter. 

In some embodiments, several components can be secured together. Figure 8 
illustrates an assembly 88 that includes a first component 90, a second component 92 and 
a third component 94 that can be formed of any suitable material and to any suitable 
dimension, as discussed previously with respect to Figures 1-3. In some embodiments, 
the first component 90 can represent an elongate shaft, the second component 92 can 
represent a strain relief and the third component 94 can represent a hub or other 
connector. 

In some embodiments, the first component 90 can have an overall length that is in 
the range of about 50 cm to about 140 cm, an inner diameter that is in the range of about 
2F to about 8F and an outer diameter that is in the range of about 3F to about 9F. In 
some embodiments, the second component 92 can have an overall length that is in the 
range of about 1 inch to about 3 inches, an inner diameter that is in the range of about 3F 
to about 10F and an outer diameter that is in the range of about 4F to about 1 IF. 

In some embodiments, the third component 94 can have an overall length that is in the 
range of about 1 inch to about 2 inches, and an inner diameter that is in the range of about 
3F to about 1 IF. 
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The first component 90 can have an outer surface 96 that in part defines an outer 
engagement portion 98. The second component 92 can have an inner surface 100 that 
defines in part an inner engagement portion 102 and can also have an outer surface 104 
that defines in part an outer engagement portion 106. The third component 94 can have 
an inner surface 108 that in part defines an inner engagement portion 110. A lumen 112 
can extend through the assembly 88. 

A first aerated adhesive layer 1 14 can be disposed between the outer engagement 
portion 98 of the first component 90 and the inner engagement portion 102 of the second 
component 92. A second aerated adhesive layer 116 can be disposed between the outer 
engagement portion 106 of the second component 92 and the inner engagement portion 
110 of the third component 94. In some embodiments, the first aerated adhesive layer 
114 and the second aerated adhesive layer 116 can be separately formed, possibly of 
different aerated adhesives. In some embodiments, the first aerated adhesive layer 114 
and the second aerated adhesive layer 116 can represent a single continuous aerated 
adhesive layer. 

Medical devices as described herein can be partially or completely coated with a 
lubricious or other type of coating. Hydrophobic coatings such as fluoropolymers 
provide a dry lubricity that can improve handling and device exchanges. An example of 
a suitable fluoropolymer is polytetrafluoroethylene (PTFE), better known as TEFLON®. 

Lubricious coatings can improve steerability and improve lesion crossing 
capability. Examples of suitable lubricious polymers include hydrophilic polymers such 
as polyarylene oxides, polyvinylpyrolidones, polyvinylalcohols, hydroxy alkyl 
cellulosics, algins, saccharides, caprolactones, and the like, and mixtures and 
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combinations thereof. Hydrophilic polymers can be blended among themselves or with 
formulated amounts of water insoluble compounds (including some polymers) to yield 
coatings with suitable lubricity, bonding, and solubility. In some embodiments, a distal 
portion of a composite medical device can be coated with a hydrophilic polymer as 
discussed above, while the more proximal portions can be coated with a fluoropolymer. 

The medical devices described herein can include, or be doped with, radiopaque 
material to improve visibility when using imaging techniques such as fluoroscopy 
techniques. Any suitable radiopaque material known in the art can be used. Some 
examples include precious metals, tungsten, barium subcarbonate powder, and the like, 
and mixtures thereof. In some embodiments, radiopaque material can be dispersed within 
the polymers used to form the particular medical device. In some embodiments, the 
radiopaque materials distinct from the ferromagnetic materials are dispersed. 

It should be understood that this disclosure is, in many respects, only illustrative. 
Changes may be made in details, particularly in matters of shape, size, and arrangement 
of steps without exceeding the scope of the invention. The invention's scope is, of 
course, defined in the language in which the appended claims are expressed. 
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